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PART I: Environmental Fate

Chapter 1
MODELING ZINC AND SODIUM CHLORIDE
MIGRATION IN VADOSE ZONE SOILS
BENEATH STORMWATER INFILTRATION
DEVICES
J.B. Mikula, S.E. Clark, and K.H. Baker
School of Science, Engineering and Technology Environmental Engineering Program, Penn
State Harrisburg, 777 West Harrisburg Pike, Middletown, PA 17057, Tel: 717-948-6358,
Fax: 717-948-6580, Email: jum170@psu.edu, sec16@psu.edu, khb4@psu.edu

Abstract:

Urbanization has been responsible for an increase in the amount of impervious
surfaces, leading to an increase in stormwater runoff and a decrease in
groundwater recharge. Stormwater runoff contains pollutants, such as
nutrients, pathogens, heavy metals, solids, organic compounds, pesticides, and
chlorides, which have greatly contributed to the degradation of receiving
waters due to surface discharge of stormwater. This has prompted stormwater
managers to consider implementing more infiltration practices into their
designs. However, past studies have shown that infiltrating stormwater could
contaminate the groundwater, and in some cases, contamination actually has
occurred. Therefore, methods for easily predicting contamination potential
need to be developed.
Stormwater pollutants interact with the soils in the unsaturated zone as they
migrate towards the groundwater. The specific type of soil and its properties
have a profound effect on the movement of water and pollutants. For this
research, zinc and sodium chloride were chosen as the pollutants of interest
because of their stormwater prevalence, solubility, and differing migration
rates. Through the use of the SESOIL model, factors such as pollutant
concentration, rainfall, vadose zone thickness, intrinsic permeability, organic
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content, and soil pH were evaluated to determine which ones likely have the
greatest influence on pollutant migration. A factorial analysis (26 full factorial)
was used to evaluate the effects of these factors on the maximum penetration
depth of zinc and sodium chloride. High and low values for the factors were
selected from the literature and the NRCS soils database. The pollutants were
treated as separate ions (Zn+2, Na+, Cl-), and the length of each simulation was
set at one year. Results indicated that rainfall was a common factor controlling
Zn+2, Na+, and Cl- migration. Concentration was also influential in Zn+2
migration, while intrinsic permeability affected Na+ and Cl-.

Key words:

1.

infiltration, SESOIL, sodium chloride, stormwater, vadose zone, zinc

INTRODUCTION

Increased urbanization has caused an increase in impervious surfaces and
has led to greater amounts of pollutants being deposited on the land surface.
Impervious structures like roads, driveways, parking lots, sidewalks, and
rooftops also reduce the area available for infiltration of rainfall and runoff,
leading to an increase in runoff volume and peak flow. It has been
determined that the most important hydraulic factors affecting urban runoff
volume are directly connected impervious surfaces such as paved streets,
driveways, parking areas draining to curb-and-gutter drainage systems, and
roofs draining directly into a storm or combined sewer (Pratap, 2004
literature review). In addition, the increase in impervious pavement and
increased surface discharge of stormwater has resulted in a major decrease in
groundwater recharge. This has resulted in the accelerated depletion of
groundwater resources, aquifer collapse, and the subsidence of the ground
surface (Ku et al., 1992; Detay et al., 1997; Gobel et al, 2004).

1.1

Urban Runoff

Urban runoff consists of three different flow phases: dry-weather base
flows, stormwater runoff, and snowmelt. Other sources of wastewater that
enter the storm drainage system include non-stormwater flows, such as
irrigation water from lawns, and inappropriate entries from sanitary sewers.
The importance of each of the above flow phases depends upon many
factors, with the two most important being season and land use. Seasonal
factors like cold versus warm weather or dry versus wet weather are often
not as critical as land use in determining the pollutant load in stormwater
runoff. Pollutants such as nutrients, pathogens, heavy metals, solids, organic
compounds, pesticides, and chlorides are present in stormwater runoff. Many
critical source areas such as industrial manufacturing facilities, vehicle
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service stations, vehicle maintenance facilities, scrap yards, and various
commercial developments have been identified. Generally, commercial and
industrial facilities contribute a larger pollutant loading due to increased
concentrations and to stormwater runoff for runoff volumes equal to that
from typical residential developments. However, pollutant loadings from
residential areas occasionally may exceed commercial and industrial
facilities due to increased use of fertilizers and pesticides (Pratap, 2004
literature review).
Historically, one of the most popular ways of dealing with stormwater
has been to divert it down a curb-and-gutter drainage system that eventually
discharges into a stream, river, or lake. Curb-and-gutter drainage systems
with outfalls in local surface receiving waters are commonly referred to as
MS4s (Municipal Separate Storm Sewer Systems). This management
strategy is integral to the idea of getting stormwater away from people as
fast as possible. Usually, stormwater is a nuisance or “waste water” that no
one wants to deal with, so the common practice has been to send it down a
pipe and pass it downstream. Little consideration has been given to the
pollutants in the stormwater that could become a serious environmental
problem for the receiving water. Past studies have identified urban runoff as
a major contributor to the degradation of many urban streams and rivers
(Field and Turkeltaub, 1981; Pitt and Bozeman, 1982; Pitt and Bissonnette,
1984; Pitt et al., 1996 which includes an extensive literature review).
In addition to stormwater, snowmelt is another type of urban runoff that
contributes to environmental degradation. The main contaminants associated
with snowmelt are the salts that are applied to pavements every year to
prevent the bonding of ice with the pavement. There are several different
types of salts that are currently used to melt ice and snow. These salts
include sodium chloride, calcium chloride, magnesium chloride, and
potassium chloride. Each of these salts contains the chloride ion known to be
very mobile and conservative because it does not adsorb onto mineral
surfaces or react readily with other chemicals (Novotny et al., 1999).
Novotny et al. (1999) demonstrated that snowmelt runoff contains higher
heavy metal concentrations, compared to non-winter runoff, likely due to the
high chloride concentrations. This is because high chloride concentrations
proportionally decrease the partition coefficients, causing more metals to be
in a dissolved, and likely more toxic, form.
Because of receiving water degradation and the decrease in groundwater
recharge, the current discussion is whether stormwater should be managed
through infiltration, surface discharge, or a combination of the two. Lately,
much consideration has been given to the practice of stormwater infiltration.
Infiltration devices were once thought of as an effective way to promote
groundwater recharge. However, Pitt et al. (1996) reported that previous
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research clearly proved that the potential for groundwater contamination
exists as a result of stormwater infiltration. Pollutants are carried through the
vadose zone by infiltrating stormwater, posing a threat to the groundwater.
Other studies have also shown the contamination potential and that
groundwater contamination has actually occurred (Mikkelsen et al., 1996;
Barraud et al., 1999; Datry et al., 2003; Fischer et al., 2003). Stormwater
managers are realizing that more infiltration is needed to sustain
groundwater levels, but the problem of stormwater pollutants has become a
major stumbling block.

1.2

The Vadose Zone

A very important component of the infiltration process is the vadose
zone. It is characterized by unsaturated geologic material such as soil and
rock. Because many different types of rocks exist in the subsurface as parent
material for the soil, several types of soil also exist. These soils have been
classified based on physical features and their formative processes. Several
classification systems currently exist, and no single method is generally
accepted. Despite the differing interpretations, each soil classification
system agrees that sands, silts, and clays are the three basic size fractions of
soil. Physical weathering processes in the vadose zone have combined these
three soils in different proportions to create several unique types of soil
(actually, tens of thousands of soil types have been identified). The specific
type of soil ultimately depends on its percentage of sand, silt, or clay, which
will differ depending on the specific soil classification system (Selker et al.,
1999).
The rate of travel of water and pollutants through the vadose zone
depends largely on the type of soil and its properties. While the mobility of
inorganic pollutants, such as metals and organic, is also compound specific.
Each type of pollutant will interact with the soil in its own way (Selker et al.,
1999). For example, metals and microorganisms are more likely to adsorb,
or stick, to soil particles than salts, which are known to be highly mobile
(Pitt et al., 1996). It has already been discovered that soil characteristics
such as organic content, pH, and permeability play an important role in
pollutant movement. However, the extent of their role has not been
determined because of the complexity of the vadose zone and large numbers
and wide concentrations of pollutants found in stormwater.

1.3

Objectives

Many studies have shown that infiltrating stormwater has the potential to
contaminate the groundwater. However, these studies do not clearly address
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the phenomena that cause the contamination potential to be lesser or greater
for any given site. The research team believes that the soils in the vadose
zone are the key to finding the answers as to why groundwater
contamination occurs in one area and not in another when both areas are
subject to the same pollutants with similar concentrations.
During the literature search to support this research, three main soil
properties have been identified as potential controlling factors for pollutant
migration: intrinsic permeability, organic content, and soil pH. Other factors
beyond soil properties have an effect on pollutant movement and
groundwater contamination as well. Three such factors include pollutant
concentration, rainfall, and vadose zone thickness.
The objects of this research project were as follows:
•

Firstly, to determine which controlling factors have the greatest
influence on the movement of zinc and sodium chloride in the
vadose zone beneath a typical infiltration device.

•

Also, that the knowledge gained about the interactions between
soil and pollutants could improve the siting and the design of
infiltration devices to encourage groundwater recharge while
reducing or preventing groundwater contamination.

As a first step towards achieving these goals, simulations of pollutant
migration in the vadose zone using an appropriate computer model were
performed. The computer model selected was SESOIL, a one-dimensional,
unsaturated-zone model that has been widely used to predict pollutant
movement in the vadose zone, typically as part of environmental risk
assessments. SESOIL has never been applied to stormwater infiltration but
an extensive model review indicated it was the best model to apply to this
problem. It is believed that computer models, such as SESOIL, will become
an integral part of stormwater management in the near future.

2.

MATERIALS AND METHODS

2.1

Modeling Methodology

Because infiltrating stormwater could be a threat to groundwater quality,
methods for easily predicting contamination potential need to be developed.
Since pollutant fate and transport models have been proven to be very
effective in predicting the migration of pollutants through the subsurface, the
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application of such models to stormwater management appears to be very
feasible. The capabilities of many unsaturated-zone models were carefully
reviewed in an attempt to find the most appropriate model. It was finally
decided that the SESOIL model would be used to evaluate the fate and
transport of stormwater pollutants.
SESOIL was chosen not only for its user-friendly nature, but also for the
variability of the input values. The user can choose from several different
contaminants and soil types as well as from a multitude of climate and soil
data. This input data can also be modified to simulate almost any condition.
The output data, which includes solid, liquid, and vapor phase pollutant
concentrations, as well as graphs, can be easily interfaced with the majority
of groundwater software (West, 2001). Since no computer software that
specifically models infiltrating stormwater and its pollutants from the ground
surface has been developed, SESOIL was selected as the best option for this
research project.
SESOIL (Seasonal Soil compartment model) was developed in 1981 by
Bonazountas and Wagner at Arthur D. Little, Inc. for the EPA’s Office of
Water and Office of Toxic Substances (OTS). It is a theoretically based
model that uses mass balance and assumes equilibrium partitioning between
phases. In order to simulate contaminant fate and transport, SESOIL uses
three submodels: the hydrologic cycle, sediment washload cycle, and the
pollutant fate cycle. The hydrologic cycle models the impact of rainfall,
groundwater flow, surface runoff, capillary rise, soil moisture retention,
infiltration, and evapotranspiration on the pollutant behavior. Next, the
sediment washload cycle estimates the amount of erosion and sediment yield
in predicting the amount of contaminant removed from the system. Finally,
the contaminant fate and transformation model is derived through the use of
the pollutant fate cycle. This cycle uses values from the hydrologic and
sediment washload cycles in a mass balance approach to predict the final
fate of the contaminant. SESOIL also considers the natural attenuation of
compounds by applying degradative processes such as diffusion,
volatilization, hydrolysis, adsorption, and biodegradation to its pollutant fate
cycle (West, 2001).
Zinc (Zn2+) and sodium chloride (NaCl) were chosen to be the pollutants
of interest because of their prevalence in stormwater, solubility, and
differing migration rates. Pitt et al., (1996) state that Zn will adsorb to soil
particles, even though it is considered one of the more mobile heavy metals,
and that NaCl is highly mobile. Zn represents contaminants that are least
likely to reach the groundwater, the heavy metals, while NaCl represents
contaminants that have the greatest potential to impact the groundwater. Zn
is most commonly used as an anti-corrosion agent. Metals, such as many
found on vehicle exteriors, are galvanized/coated with Zn to prevent them
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from corroding (Pitt et al., 1996). NaCl is widely used to deice roads,
parking lots, and sidewalks in cold weather climates (Novotny et al., 1999).
After learning the capabilities of SESOIL, a sensitivity analysis was
performed. During the test simulations it was determined that the pollutants
needed to be treated as separate ions (Zn+2, Na+, Cl-). NaCl needed to be
entered as Na+ and Cl- because it dissociates in stormwater and its ions react
differently with soil than would a neutral compound.
The experimental design selected for this research was a full factorial
analysis. This type of experimental design allowed for the determination of
which factor and interactions of the factors affected pollutant migration in a
statistically significant manner. The modeling exercise would evaluate the
effects of pollutant concentration, rainfall, vadose zone thickness, intrinsic
permeability, organic content, and soil pH on the pollutant migration depth.
The factorial analysis requires that high and low values of each factor be
selected. Pollutant concentrations were found in the literature, specifically in
the NSQD (Pitt et al., 2004). Snowmelt concentrations were loaded onto the
soil only during the typical snowmelt months, while it was assumed that Zn
loading were independent of season. Rainfall high and low values were
selected from SESOIL’s climate database and corresponded to the average
annual rainfall in West Palm Beach, Florida (high), and Phoenix, Arizona
(low). Soils that matched the high and low parameter values were selected
from the NRCS database built into SESOIL. The high and low values of the
input parameters for the 26 factorial analysis for each ion are summarized in
Table 1, while the specific soils chosen for this research are listed in Table 2.
Table 1. High and low values of the controlling factors
Concentration (µg/g)
Zn
Na
Cl
Low
0.032
28
42
High
2.1
1360
2040
Vadose Zone
Thickness (cm)
Low
High

300
1200

Intrinsic
Permeability
(cm2)
1.00 E-10
1.00 E-7

Rainfall (cm)
Phoenix: 6.71
W. Palm Beach: 153.59

Organic
content
(%)
0.5
3

Table 2. The relationship of actual soils to the controlling factors
Intrinsic
Soil Name
County
State
Soil Type
Permeability
(cm2)
Sandy
Julesburg
Logan
CO
High
Loam
Climara
Fresno
CA
Clay
Low
Lewisville
Dallas
TX
Silty Clay
Low
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4.3 – 5.0
7.2 – 8.0

Organic
Content
%

pH

High

High

Low
High

High
High
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Soil Name

County

Pompano
Hazelton
Waynesboro
Charles
Lakewood

Palm Beach
Dauphin
Coffee
Cumberland
Ocean

3.

State
FL
PA
TN
ME
NJ

Soil Type
Fine Sand
Ch. Loam
Clay Loam
Silt Loam
Sand

Intrinsic
Permeability
(cm2)
High
High
Low
Low
High

Organic
Content
%
Low
High
Low
High
Low

pH
High
Low
Low
Low
Low

RESULTS AND DISCUSSION

Results of the sensitivity analysis showed that the model was most
sensitive to the number of sublayers in each layer of soil. The most realistic
results were achieved by using the maximum number of sublayers (10). A
result supported by the creators of SESOIL, Bonazountas and Wagner
(West, 2001).
Once the simulations were completed, the data was analyzed to
determine which factors and combinations of factors, had a statistically
significant effect on pollutant migration. Factorial experiments can be
analyzed in one of two ways: graphically or through the generation of
probabilities showing that each factor and interaction were statistically
significant. It had been planned to analyze the data with SYSTAT 11.
However, compatibility issues with the software precluded its use.
Graphical analysis techniques were used instead. For the graphical
analysis, “effect values” had to be calculated. Effect values are the
differences between the average pollutant migration depth when the factor
value is high and the average depth when the factor is low. These effect
values are plotted on a probability plot after being ranked from lowest to
highest calculated value. A straight line is fit through the majority of the data
(see Figures 1, 2, and 3).
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Figure 1.

Figure 2.
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Figure 3.

Points falling off the line are the significant factors and interactions.
Results indicated that rainfall was a common factor controlling Zn, Na, and
Cl migration. Since the Zn and NaCl are assumed to dissolve in infiltrating
stormwater, higher rainfall amounts would naturally allow the pollutants to
migrate deeper in the vadose zone.
Results also showed that concentration was influential in Zn migration.
Higher concentrations of Zn cause less adsorption to occur because the
available sorption sites in the upper layers were filled before the zinc in the
stormwater was completely removed. Once the maximum level of adsorption
is reached in the upper soil layers, the remaining Zn will continue to migrate
with the infiltrating water until available adsorption sites are reached.
Vadose zone thickness had a slight effect, but this likely is due to the way
SESOIL calculates pollutant migration. SESOIL assumes that migration
takes place within a specified volume of soil. A larger volume, with larger
overall depths and a maximum of 10 sublayers, for example, will cause
SESOIL to calculate a deeper migration. This is the primary reason that
SESOIL consistently overpredicts migration depths. Vadose zone thickness
is not a factor that controls migration, but needs to be considered when
constructing infiltration devices. It is very likely that water tables 3m or less
will be impacted by stormwater pollutant migration in a single season if the
applications of road salt are sufficiently high.
Furthermore, since hydrolysis was not considered by the model due to
the lack of hydrolysis constants, pH was not found to be a controlling factor
in Zn migration. Zn is involved in hydrolysis reactions in soil, but the extent
of these reactions is still not well understood. Because pH is believed to play
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a large role in Zn migration, further research should be done to
experimentally derive neutral, acid and base hydrolysis constants.
It is well known that organic matter affects Zn migration. However, it is
likely that the interaction between the low concentrations of Zn and
comparatively low amounts of organic matter was not deemed significant by
SESOIL. Since Zn concentrations in stormwater are usually very low, it
could be possible that complexation reactions involving organic matter may
be negligible.
The effect of rainfall and intrinsic permeability on Na migration was a
very realistic result. Increased rainfall and soils that have a high permeability
would naturally be expected to increase the mobility of Na. However, it is
believed that SESOIL largely over-predicted the migration depth of Na. It is
unlikely that NaCl would reach a deep water table within a year’s time,
especially in clayey soils. Based on what is known about the behavior of Na
in soil, the migration depth of Na should have been somewhere between Zn
and Cl. Sodium migration to depths of 12m in soils with high permeability
may be possible after several years of NaCl deposition and high rainfall. The
lack of Kd values for sodium was a main reason for the poor results.
The migration depth of Cl was the most realistic of the three pollutants
based on pollutant migration literature. Chloride’s non-reactive nature made
its fate and transport very easy to model with SESOIL. However, chloride’s
migration depth of 12m in clayey soils in a one-year period is somewhat
questionable. This result may realistically occur if the proper conditions
existed. It would depend largely on the amount of rainfall, the permeability
of the clay, and infiltration rates. Fortunately, the areas in the U.S. with the
highest rainfall totals are tropical and typically do not use road salt due to the
lack of wintertime icing.
This research not only demonstrated the feasibility of applying an
unsaturated zone model to stormwater infiltration, but it also pointed out the
informational gaps that need to be filled in order to move forward with this
work. The most important pieces of information that need to be obtained are:
pollutant input values, site-specific soil information, and stormwater influent
and effluent data. Input values such as adsorption coefficients, hydrolysis
rate constants, and stability constants, are needed for each pollutant of
interest evaluated by SESOIL. Since these coefficients do not exist in the
literature for each specific stormwater pollutant, they will have to be
experimentally derived. Site-specific soil information is also very important
because the extent of pollutant migration in the vadose zone mainly depends
on the soil matrix and type of pollutant. Finally, actual stormwater influent
and effluent data from infiltration devices is needed to make comparisons
with the results of model simulations. Actual effluent stormwater
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concentrations can be compared to effluent concentrations simulated by
SESOIL to determine the accuracy of the model’s results.
Unfortunately, the vitally important influent, effluent, and soil data are
not entirely available. The International Stormwater BMP Database does
contain influent and effluent data for a few infiltration sites, but there is no
specific information about the soils that lie beneath the infiltration devices.
Therefore, the data sets are incomplete. This is illustrated in Table 3, which
is a sample of grass filter strip water quality data found in the International
Stormwater BMP Database. Because of this incompleteness, there is no real
data to compare to SESOIL’s results, thus making it difficult to determine
the true accuracy of this model.
Table 3. Sample of grass filter strip water quality data obtained from the International
Stormwater BMP Database
Biofilter-Grass Strip
Biofilter-Grass Strip
US 183 at MoPac
Walnut Creek
Grass Filter Strip
Veg. Buffer Strip
Austin, TX
Austin, TX
Analytical Parameter
Inflow
Outflow
Inflow
Outflow
Ammonia, Total as N (mg/L)
NA
NA
NA
NA
Arsenic, Dissolved (ug/L)
NA
NA
NA
NA
Arsenic, Total (ug/L)
NA
NA
NA
NA
BOD-5 (mg/L)
NA
NA
NA
NA
Cadmium, Dissolved (ug/L)
NA
NA
NA
NA
Cadmium, Total (ug/L)
NA
NA
NA
NA
Chromium, Dissolved (ug/L)
NA
NA
NA
NA
Chromium, Total (ug/L)
NA
NA
NA
NA
Chloride Dissolved in Water (mg/L)
NA
NA
NA
NA
COD (mg/L)
NA
39.67
NA
40.7
Conductivity at 25C (micromho)
NA
NA
NA
NA
Copper, Dissolved (ug/L)
NA
NA
NA
NA
Copper, Total (ug/L)
NA
NA
NA
NA
Fecal Coliform-FCAGAD/100 mL
NA
NA
NA
NA
Iron (mg/L)
NA
NA
NA
NA
Iron, Total (mg/L)
NA
867.7
NA
598
Lead, Dissolved (ug/L)
NA
NA
NA
NA
Lead, Total (ug/L)
NA
NA
NA
55.5
Nickel, Dissolved (ug/L)
NA
NA
NA
NA
Nickel, Total (ug/L)
NA
NA
NA
NA
Nitrate Dissolved (mg/L)
NA
NA
NA
NA
Nitrite Dissolved (mg/L)
NA
NA
NA
NA
Oil and Grease (mg/L)
NA
NA
NA
NA
Orthophosphates (mg/L)
NA
NA
NA
NA
pH Lab
NA
NA
NA
NA
Phosphorous, Total (mg/L)
NA
0.4467
NA
0.1489
Phosphates, Total (mg/L)
NA
NA
NA
NA
Total Dissolved Solids (mg/L)
NA
NA
NA
NA
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Total Hardness CaCO3 (mg/L)
Total Kjeldahl Nitrogen (mg/L)
Total Nitrogen (mg/L)
Total Organic Carbon (mg/L)
Total Suspended Solids (mg/L)
Total Volatile Solids (mg/L)
Turbidity, Lab (NTU)
Zinc, Dissolved (ug/L)
Zinc, Total (ug/L)

4.

Biofilter-Grass Strip
US 183 at MoPac
Grass Filter Strip
Austin, TX
NA
NA
NA
NA
NA
1.677
NA
22.7
NA
37
NA
NA
NA
NA
NA
NA
NA
17.33

13

Biofilter-Grass Strip
Walnut Creek
Veg. Buffer Strip
Austin, TX
NA
NA
NA
1.452
NA
0.5938
NA
NA
NA
44.6
NA
NA
NA
NA
NA
NA
NA
29.88

CONCLUSION

SESOIL is the most complete vadose zone model commercially available
for performing this type of modeling. The maximum refinement of 10
sublayers should be used in the model in order to achieve the best results.
Because SESOIL is a one-dimensional model, it likely over-predicted the
migration depths. However, it is anticipated that the results illustrate the
relative differences that would be seen in the field.
Results of the factorial analysis determined that Zn migration was
controlled by rainfall and concentration, while Na migration was controlled
by concentration and intrinsic permeability. Furthermore, Cl migration was
affected by rainfall and intrinsic permeability. High rainfall amounts resulted
in deeper migration in all soils types. The average maximum migration
depths were 1.55m for Zn and 12m for NaCl. Based on model results,
shallow groundwater (< 3m) will be rapidly and highly impacted by NaCl,
but not by Zn. However, the potential for Zn contamination still exists and is
more likely when the infiltration basin has been in operation for several
years. It is highly unlikely that deep groundwater (> 12m) will be impacted
by Zn, but will most likely be impacted by NaCl in areas of high rainfall in a
short period of time.
Further research needs to be conducted to determine the long-term effects
of these pollutants. We plan to run simulations that replicate 10 years of
pollutant loading. Infiltration of stormwater pollutants in typical pollutant
concentrations will be evaluated using long-term, actual stormwater data
from several sites around the country (in the nine EPA rainfall zones) to
qualitatively determine the influence of storm patterns on the migration of
stormwater through the vadose zone. The idea of modifying SESOIL to
handle multiple pollutants will also be explored. In order to produce more
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accurate results, soil column testing will be done to experimentally
determine the needed input constants (based on actual stormwater
concentrations). Once a better set of input values are generated, we hope to
use SESOIL to model actual infiltration devices. Even though the lack of
accurate data inputs hampered the modeling activity, the results do provide
an idea of the direction for the next phase of this research.
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